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TITLE 

POWER GENERATOR AND METHOD FOR FORMING SAME 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a power generator, 
and in particular to a power generator that converts 
vibration energy into electric power. 
Description of the Related Art 

Generally speaking, there are many types of 
conventional power generators. Some use mechanical or 
physical means to generate power, and the others employ 
electronic or electric circuit design to accomplish power 
generation. 

For example, a self-winding watch works continuously 
by converting vibrations to power. Thus, the self- 
winding watch is representative of a device that acquires 
power from vibration. 
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U.S. Patent No. 6,515,375 discloses an electrical 
power generator. The electrical power generator has an 
alternator floating freely on a water surface. The 
alternator has a magnet and a wire coil structure. When 
wave motion occurs on the water surface, the magnet and 
wire coil structure undergo relative movement 
therebetween in response to the wave motion, thereby 
causing induced current to flow through the wire coil 
structure. The induced current can then be output to be 
used or stored. 

U.S. Patent No. 6,509,894 discloses a power 
generation method employed in an LCD. The power 

generation method uses a power generating circuit, rather 
than mechanical or physical means, to generate electric 
power . 

Although the aforementioned electrical power 
generator of U.S. Patent No. 6,515,375 employs physical 
means to generate electric power, the structure thereof 
is complex. In addition, use of the electrical power 
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generator is inconvenient as it requires water or liquid 

to generate electric power. 

Hence, there is a need to provide a power generator 
that can readily generate power by converting an 
environmental vibration into electricity or electric 
power. 

SUMMARY OF THE INVENTION 

Accordingly, a first object of the invention is to 
provide a power generator. The power generator of one 
embodiment comprises a first substrate, a second 
substrate, a magnetic film, a first metal layer, a second 
metal layer, and an electricity storage device. The 
second substrate is disposed on the first substrate. A 
vibration chamber is formed between the first substrate 
and second substrate. The magnetic film is disposed 
between the first substrate and second substrate and is 
located in the vibration chamber. The magnetic film has 
a predetermined magnetic field. The first metal layer is 
disposed under the first substrate and is substantially 
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aligned with the vibration chamber. The second metal 
layer is disposed on the second substrate and is 
substantially aligned with the vibration chamber. The 
electricity storage device is electrically coupled to the 
first and second metal layers. 

In one embodiment, the power generator is embedded 
in a semiconductor chip for obtaining electric power by 
converting vibration energy into electric energy. 

In one embodiment, the power generator further 
comprises a first circuit and a second circuit. The 
electricity storage device is connected to the first 
metal layer through the first circuit and connected to 
the second metal layer through the second circuit. 

In one embodiment, the power generator further 
comprises a first insulation control switch and a second 
insulation control switch. The first insulation control 
switch is disposed on the first circuit, and the second 
insulation control switch is disposed on the second 
circuit . 
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In one embodiment, the first insulation control 
switch and second insulation control switch are 
implemented as N-type transistors (NMOS) . 

In one embodiment, the first substrate and second 
substrate are composed of insulation elements. 

In one embodiment, the first metal layer further 
comprises a first coil circuit, and the second metal 
layer further comprises a second coil circuit. 

In one embodiment, the first coil circuit and second 
coil circuit are respectively formed on the first metal 
layer and second metal layer by photolithography and 
etching or printing. 

In one embodiment, the vibration chamber constitutes 
a vacuum and provides pressure of approximately 10" 6 torr. 

In one embodiment, the electricity storage device is 
a capacitor or battery. 

In one embodiment, the first and second substrates 
are SiN. 

A second object of the invention is to provide a 
method for forming a power generator. The method of one 
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embodiment comprises the steps of: providing a first 
insulation substrate; forming a first metal layer on a 
lower surface of the first insulation substrate; forming 
a second insulation substrate on the first insulation 
substrate; defining a vibration chamber between the first 
insulation substrate and second insulation substrate; 
dividing the vibration chamber by forming a magnetic film 
between the first insulation substrate and second 
insulation substrate; and forming a second metal layer on 
the second insulation substrate. 

A third object of the invention is to provide a 
method for forming the power generator. The method of 
one embodiment comprises the steps of: providing a first 
insulation element; forming a first metal layer on the 
lower surface of the first insulation element; creating a 
recess aligned with the first metal layer on the first 
insulation element; filling the recess with a second 
insulation element; constructing a magnetic film on the 
recess of the first insulation element; forming a third 
insulation element on the magnetic film, wherein the 
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third insulation element aligns with the second 
insulation element; forming a fourth insulation element 
on the first insulation element and magnetic film, 
wherein the fourth insulation element receives the third 
insulation element; forming a fifth insulation element on 
the third and fourth insulation elements; forming at 
least one first through -groove on the fifth insulation 
element, wherein the first through -groove is located on 
the third insulation element; forming a sixth insulation 
element on the fifth insulation element and in the first 
through-groove; forming a plurality of second through- 
grooves on the sixth insulation element, wherein the 
plurality of second through-grooves are located on the 
fifth insulation element; forming a seventh insulation 
element on the sixth insulation element and in the second 
through-grooves; removing the second, third, and sixth 
insulation elements to form a vibration chamber, wherein 
the magnetic film is in the vibration chamber; evacuating 
(at least partially) the vibration chamber to create a 
vacuum; sputtering a second metal layer on the fifth and 
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seventh insulation elements; forming a first coil circuit 
and a second coil circuit on the first metal layer and 
second metal layer, respectively; and connecting the 
first and second coil circuits to an electricity storage 
device . 

In one embodiment, the first, fourth, fifth and 
seventh insulation elements are SiN. 

In one embodiment, the second, third and sixth 
insulation elements are same. 

In one embodiment, the second, third and sixth 
insulation elements are fluorinated silicate glass (FSG) 
or spin on glass (SOG) . 

In one embodiment, the first through-groove is 
formed by etching. 

In one embodiment, the second through -grooves are 
formed by etching . 

In one embodiment, the second, third and sixth 
insulation elements are removed by wet etching. 
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In one embodiment, the wet etching uses HF solution 
to remove the second, third and sixth insulation 
elements . 

In one embodiment, the vacuum provides pressure of 
approximately 10" 6 torr. 

In one embodiment, the first coil circuit and second 
coil circuit are respectively formed on the first metal 
layer and second metal layer by photolithography and 
etching or printing. 

In one embodiment, the electricity storage device is 
a capacitor or battery. 

A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to the accompanying 
drawings , wherein : 



Client's ref.: TSMC2 002 -1192 

File : 05 03-9688US/f inal/Hawdong/ Steve /Dan/ inventor /j^JjE^ 

FIG. 1A is a schematic view showing the formation of 
the power generator of an embodiment of the invention; 

FIG. IB is a schematic cross section taken along 
line A-A of FIG. 1A; 

FIG. 1C is a schematic cross section taken along 
line B-B of FIG. 1A; 

FIG. 2A is a schematic view showing the formation of 
the power generator of an embodiment of the invention; 

FIG. 2B is a schematic cross section taken along 
line A-A of FIG. 2A; 

FIG. 2C is a schematic cross section taken along 
line B-B of FIG. 2A; 

FIG. 3A is a schematic view showing the formation of 
the power generator of an embodiment of the invention; 

FIG. 3B is a schematic cross section taken along 
line A-A of FIG. 3A; 

FIG. 3C is a schematic cross section taken along 
line B-B of FIG. 3A; 

FIG. 4A is a schematic view showing the formation of 
the power generator of an embodiment of the invention; 
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FIG. 4B is a schematic cross section taken along 
line A-A of FIG. 4A; 

FIG. 4C is a schematic cross section taken along 
line B-B of FIG. 4A; 

FIG. 5A is a schematic view showing the formation of 
the power generator of an embodiment of the invention; 

FIG. 5B is a schematic cross section taken along 
line A-A of FIG. 5A; 

FIG. 5C is a schematic cross section taken along 
line B-B of FIG. 5A; 

FIG. 6 is a schematic cross section showing the 
formation of the power generator of an embodiment of the 
invention; 

FIG. 7A is a schematic view showing the formation of 
the power generator of the invention; 

FIG. 7B is a schematic cross section taken along 
line A-A of FIG. 7A; 

FIG. 7C is a schematic cross section taken along 
line B-B of FIG. 7A; 
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FIG. 8A is a schematic view showing the formation of 

the power generator of an embodiment of the invention; 

FIG. 8B is a schematic cross section taken along 

line A-A of FIG. 8A; 

FIG. 8C is a schematic cross section taken along 

line B-B of FIG. 8A. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring first to FIG. 8B, a power generator 100 is 
embedded in a semiconductor chip 10 for obtaining 
electric power by converting vibration energy into 
electric energy. The power generator 100 comprises a 
first substrate 110, a second substrate 120/ a magnetic 
film 130, a first metal layer 140, a second metal layer 
150 and an electricity storage device 160. The second 
substrate 120 is disposed on the first substrate 110. A 
vibration chamber 170 is defined between the first 
substrate 110 and second substrate 120. The first 
substrate 110 and second substrate 12 0 are composed of 
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insulating material. A magnetic film 130 is disposed 
between the first substrate 110 and second substrate 12 0 
and divides the vibration chamber 170. The magnetic film 
130 has a predetermined magnetic field. A first metal 
layer 140 is disposed under the first substrate 110 and 
is substantially aligned with the vibration chamber 170. 
A second metal layer 150 is disposed on the second 
substrate 120 and is aligned with the vibration chamber 
170. The electricity storage device 160 is electrically 
connected to the first metal layer 140 and second metal 
layer 150. 

In addition, the power generator 100 further 
comprises a first circuit 180 and a second circuit 190. 
The electricity storage device 160 is connected to the 
first metal layer 140 through the first circuit 180 and 
connected to the second metal layer 15 0 through the 
second circuit 190. Meanwhile, a first insulation 

control switch 181 is disposed on the first circuit 180, 
and a second insulation control switch 191 is disposed on 
the second circuit 190. As will be described below, the 
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first and second control switches 181 and 191 operate to 
control the flow of current in first and second coil 
circuits (not specifically illustrated, but described 
below) . Further, the first insulation control switch 181 
and second insulation control switch 191 may be N-type 
transistors (NMOS) . 

A first coil circuit (not shown) is formed on the 
first metal layer 140, and a second coil circuit (not 
shown) is formed on the second metal layer 150. As will 
be described below, the first and second coil circuits 
function to create or generate induced electric currents 
due to the changing magnetic field of the magnetic film 
130, when the film vibrates. The first coil circuit and 
second coil circuit may be formed by photolithography and 
etching or printing. 

Additionally, the electricity storage device 160 may 
be any of a variety of devices, including a capacitor or 
battery that can store electricity. Further, the 

vibration chamber 170 is evacuated to create a vacuum 
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with pressure of approximately 10" 6 torr. The overall 

operation of the structure 100 will be described below. 

Having described the structure of one embodiment of 
a power generator, the following description is directed 
to a method of forming the power generator 10 0. 

Referring to FIG. 1A, FIG. IB and FIG. 1C, a first 
insulation element 210 is provided. In the following 
description, the insulation element 210 is identical to 
the first substrate 110 as shown in FIG. 8B and FIG. 8C 
for clarity of the description to the method of forming 
the power generator 100. A first metal layer 140 is 
formed on the lower surface 211 of the first insulation 
element 210. Then, a recess 212 aligned with the first 
metal layer 140 is formed in the first insulation element 
210. A second insulation element 230 is filled in the 
recess 212. Then, a magnetic film 130 is formed on the 
recess 212 of the first insulation element 210. 

Referring to FIG. 2A, FIG. 2B and FIG. 2C, a third 
insulation element 250 is formed on the magnetic film 
130. The third insulation element 250 is aligned with 
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the second insulation element 230. Then, a fourth 
insulation element 2 60 is formed on the first insulation 
element 210 and magnetic film 130. The fourth insulation 
element 260 receives the third insulation element 250. 

Referring to FIG. 3A, FIG. 3B and FIG. 3C, a fifth 
insulation element 270 is formed on the third insulation 
element 250 and fourth insulation element 260. Then, two 
first through-grooves 271 are formed on the fifth 
insulation element 270. The first through-grooves 271 
are located on the third insulation element 250, as shown 
in FIG. 3A and FIG. 3C. Specifically, the first through- 
grooves 271 are formed on the fifth insulation element 
270 by etching. 

The first through-grooves 2 71 are formed on the 
fifth insulation element 270 for the subsequent forming 
process . 

Referring to FIG. 4A, FIG. 4B and FIG. 4C, a sixth 
insulation element 280 is formed on the fifth insulation 
element 270 and in the first through -grooves 271. Then, 
a plurality of second through-grooves 2 81 are formed on 
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the sixth insulation element 280. The second through- 
grooves 281 are aligned with the first through -grooves 
271 of the fifth insulation element 270, as shown in FIG. 
4A and FIG. 4C. Preferably, the second through-grooves 
281 are formed on the sixth insulation element 280 by 
etching . 

Referring to FIG. 5A # FIG. 5B and FIG. 5C, two 
seventh insulation elements 2 90 are formed on the sixth 
insulation element 280 and in the second through -grooves 
281 . 

Referring to FIG. 6, the second insulation element 
230, third insulation element 250 and sixth insulation 
element 2 80 are removed by wet etching to form the 
vibration chamber 170. Meanwhile, the magnetic film 130 
remains and divides the vibration chamber 170. 
Specifically, the wet etching employs HF solution to 
corrode and remove the second insulation element 23 0, 
third insulation element 250 and sixth insulation element 
280. Moreover, the first insulation element 210, fourth 
insulation element 260, fifth insulation element 270 and 
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seventh insulation elements 2 90 are preferably composed 
of a material, such as SiN, that has a solid texture or 
is not easily corroded by acidic solution. On the other 
hand, the second insulation element 230, third insulation 
element 250 and sixth insulation element 280 are composed 
of a material, such as fluorinated silicate glass (FSG) 
or spin on glass (SOG) , which has a loose texture or is 
easily corroded by acidic solution. Thus, when the 
second insulation element 230, third insulation element 
250, and sixth insulation element 280 encounter HF 
solution, they are corroded readily. Conversely, when 
the first insulation element 210, fourth insulation 
element 260, fifth insulation element 270, and seventh 
insulation elements 290 encounter HF solution, they do 
not corrode . 

Referring to FIG. 7A, FIG. 7B and FIG. 7C, air in 
the vibration chamber 17 0 is evacuated (e.g., pumped out) 
until the inner air pressure thereof lowers to 
approximately 10" 6 torr. Then, the second metal layer 150 
is sputtered on the fifth insulation element 270 and 
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seventh insulation elements 290. Furthermore, a first 
coil circuit (not shown) and second coil circuit (not 
shown) are respectively formed on the first metal layer 
14 0 and second metal layer 15 0 by photolithography and 
etching or printing. 

The first circuit 180 and second circuit 190 are 
connected to the electricity storage device 160 to obtain 
the power generator 10 0 as shown in FIG. 8B. In the 
power generator 100, the second substrate 120 is composed 
of the fourth insulation element 260, fifth insulation 
element 2 70 and seventh insulation elements 2 90 while the 
first insulation element 210 is the first substrate 110. 

Having described the structure and method for 
forming a power generator, the following description 
explains the operation of the power generator 100. 

As shown in FIG. 8A, FIG. 8B and FIG. 8C, two ends 
of the magnetic film 13 0 are fixed between the first 
substrate 110 and second substrate 120, and the central 
part of the magnetic film 13 0 is suspended in the 
vibration chamber 170. When the power generator 100 is 
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placed on a vibration source and vibrates therewith, the 
central part of the magnetic film 13 0 vibrates in 
directions A and B repeatedly. Because the magnetic film 
130 has a predetermined magnetic field, vibrations of the 
film 13 0 generate induced currents in the first coil 
circuit of the first metal layer 140 and second coil 
circuit of the second metal layer 150. The induced 
currents flow into the electricity storage device 160 via 
the first circuit 180 and second circuit 190 to charge 
the electricity storage device 160. 

As shown in FIG. 8B, when the central part of the 
magnetic film 13 0 moves in the direction shown by arrow 
A, the magnetic film 130 induces the first coil circuit 
of the first metal layer 14 0 to generate an induced 
current. At this time, the first insulation control 
switch 181 (N-type transistors) is turned on to 
completely link the first circuit 180, such that the 
induced current in the first coil circuit flows into the 
electricity storage device 160. Conversely, when the 
central part of the magnetic film 130 moves in the 
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direction shown by arrow B, the induced current in the 
first coil circuit decreases gradually until the central 
part of the magnetic film 130 returns to its initial 
position. When the central part of the magnetic film 130 
continues to move toward the second metal layer 150 in 
the direction shown by arrow B, the magnetic film 130 
also induces the second coil circuit of the second metal 
layer 150 to generate current. Alternatively, a reverse 
induced current is generated in the first coil circuit of 
the first metal layer 140. Namely, the reverse induced 
current flows from the electricity storage device 160 
into the first coil circuit. 

Thus, in order to prevent the current from flowing 
into the first coil circuit, the first insulation control 
switch 181 (N-type transistors) is disposed to prevent 
the current from flowing into the first coil circuit from 
the electricity storage device 160. Accordingly, the 
induced current in the first coil circuit can flow into 
the electricity storage device 160 via the first 
insulation control switch 181, and the first insulation 
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control switch 181 can prevent the current from flowing 
into the first coil circuit from the electricity storage 
device 160. Similarly, the second insulation control 
switch 191 (N-type transistors) disposed in the second 
circuit 190 has a similar function (as the first 
insulation control switch 181) with respect to the second 
coil circuit . 

In conclusion, the power generator 100 can be placed 
on any vibration source, or embedded in devices that are 
subject to vibration, to convert vibration energy into 
electric energy. Thus, the power generator 100 of the 
invention obtains electric power readily with 
environmental degradation. In addition, the power 

generator 100 of the invention is not limited to a chip- 
size power generator. Namely, the power generator 100 of 
the invention may be a large-size power generator such as 
a house-size or car-size power generator according to 
various applications . 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is 
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to be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended 
to cover various modifications and similar arrangements 
(as would be apparent to those skilled in the art) . 
5 Therefore, the scope of the appended claims should be 

accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 
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